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By John P. Harnond/ 
INTRODUCTION. a ae 


a group of speeaie sventege. Known as wetting agents, has been 
developed, primarily for yse in the textile industry. - These. chemicals 
-have the property of reducing the surface tendion of water whén mixed ‘with 
it in very dilute solutions, The advantage of lewered surface tension is 
recognized in dust-control work, and several wetting agents have been tried 
by dist+control ; ‘engineers with varying degrees of success. _ It is well- 
known that certain solids, coal for instance, are extremely. hard to wet 
with plain water because of the high surface tension of water and the water- 
Tepellent action of coal, If the surface tension of the water is reduced, 
it can be ‘demonstrated that the coal can be wetted easily. This is 
3 accompli shed. practically and at low cost by dissolving a very small per- 
centage’ ‘of wetting agent in the water that is to be-used for.wetting. 
‘purposes.’ -(Care should be exercised in using a wetting agent to be sure 
that it'wild not interfere with” a “subsequent process.) 


For sone pine the comparative ef ficiency of various wetting agents 

has been the subject of considerable work. by. dust-control men ‘at coal mines, 
| as well as: ty members of. the Bureau of Mines 3/ 4{ 5/ 6{ In this connection, 

.@ number: of--samples :of- air-borne dust have been collected in the mines. 
With the exteption of -dust-control measures, conditions of. dust generation 
and dissemination were maintained as nearly uniform as possible. Samples 
were collected when water alone was sprayed on the cutter bar of a:mining 
machine; various wetting agents were then successively added to the’ water 
“and more samples of air-borne dust were collected, 
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After the stmoapneric acne kes eration was determined from the 
samples, several: erratic. results were noted,-~ At times when one particular 
wetting agent was § used, a marked reduction in dust concentration was noted, 

. Then, under similar conditions, presumably the same concentration of the 
same wetting “agent based’ on the amotnt of wetting agent added seemed to 
have no more effect than plain water, .. The concentration of wetting agent 
in the solution presumably. was known; ‘but, due’ 0 ‘improper mixing, the 
concentration may not Pave ‘been uniform, 


To complete ‘ne ant it seemed important to have some simple means 
for determining the concentration of wetting agent in the solution as it 
emerged from the nozzle, For this reason, a series of tests was made with 

1 @.Traube's stalagmometer for thin liquids, to see if it could be used for 
2 making | such a determination. ‘The. stalagmometer is commercially available 
us pron many laboratarycequtpment supply houses, 


¢ aw 


ne “"Regulte indicate ‘that the. concent ation’ of @ known vuietnn agent can 
- 1. be: ‘determined. within. limits, close ‘enough | for contig] purposes and the 
| 4 OP OBEC TARE, of experimental | results, by. ‘the “drop-number nethod, 
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in fee the. Pence af Mariagnes Verosky, laboritory. Cathittiat ud in the 
- Health. Division, ig. -appreciated, “after reading this manuscript, Hiss 
_.:Verosky prepared a curve for oné of. the wetting agents. (wetting agent B, 

fig. 4) and then determined. the concentration of wétting. agent in two | 

solutions that had been prepared by the writer, “Solution A was prepared 

as 0,015 percent; ghe reported 0.018 percent. Solution B was prepared as 
poate 004 PBrCenys she, reported 0, 004 percent, Pee a Se ee 


wt othe {atetest in ‘the ‘method ‘described, -here that was shown by H. H. 

_. Schrenk, chief, . and C, E. Brown, -chomist, “Both of* the “Hedlth. Division, is 
- appreciated, . MOneent tone. made by them, were helpful in the 2 a art aaa of 
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“APPARATUS AND’ “ASSEMBLY | i 


mo ‘The stalagmometer ‘used: in-- these - experiments. - (figs. land 2) has 
ee capacity of 2ml, It is made of glass tubing ‘and consists of a: tip on 
which the drops of. liquid to be’ tested are’ caused. to ‘form, The apparatus 
.. Wag designed for determining surface. tension’ of blood, serums, etc., by 
the drop=-number method, ‘In’ general,” the number: of’ drops’ formed from a 
given volume of liouid’ isa function of. surface’ tension,’ and: the time 
_required for a given volume’ of’ Liquid’ to drip from the stalagmoneter isa 
function of viscosity. In the low-concentration’ range of wetting agents 


‘: . in water, the. surface tension of the liquid decreases as ‘the concentration 


of wotting agent increases | and Viscosity. is. influenced by temperature changes 
The number of drops per unit volume increases’ noticeably as the surface 
tension af. the test diquid decreascs,, but the time. required for &. given 
volume of liquid to pass through the instrument varies only with'change in 
daisies and then Boel algae ae Fo¥ this reason’ the time aoe can 
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0.763 mm. 
(0.03”) 


0.747 mm. (0.0293”) diam. 


Original from 


THE OHIO STATE UNIVERSITY 


FIGURE 2.- Traube's stalagmometer 
in operation. 


grammatic sketch of 


Ss stalagmometer. 


FIGURE 1.- Dia 
Traube' 
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CONCENTRATION BY WEIGHT, PERCENT (CURVE B) 
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CONCENTRATION BY WEIGHT, PERCENT (CURVE A) 
FIGURE 5.- Stalagmometer tests, wetting agent C in tap water at 
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- 82 F. 
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The apparatus should be assembled in a vertical position and all 
tests made from the same position (fig. 2). It should be so arranged 
that the polished plane of the: tip on which the drop is formed is within 
30 of horizontal, The apparatus should be placed so that it will not be 
‘dnfluenced by vibration or draft, = 


SP 


PROCEDURE 


Dilute solutions of several wetting agents, designated here by letter, 
were prepared in known concentrations, Tap water was used because it is 
more similar to water used for dust suppression than distilled water would 


be. 


The test solution was drawn into the apparatus’ by suction, and a 
small cuantity was expelled through the upper end to eliminate froth, The 
liquid was allowed to drop to the upper graduation,- where it was stopped, 
and the drop thet was. hanging on the tip was wiped off. The liquid was 
then allowed to drop from the upper to the lower graduation, The number 
of drops formed and the temperature were noted (table 1). If a drop of 
considere.bD1le proportions. had formed on the tip but had not fallen when 
the liquid reached the bottom graduation, it was recorded as 4 drop, If 
the liquid had flowed.more slowly from the tip, it would have been possible 
to estimate accurately-the fraction of a drop remaining on the tip by 
noting the number of graduations on the scale requtred to form one drop, 
but fron experience this precision seems to be unnecessery, The required 
volume of Liquid passed through the instrument very quickly; as many as 
50 drops were formed in approximately 30 seconds from 2 ml. of solution. 


The procedure outlined above was repeated for a number of known 
concentrations for each wetting agent, The results were plotted on 
rectangular coordinate paper, using the horizontal axis for percent 
concentration and the vertical axis for the number of drops. Experience 
indicates the concentrations that are necessary to get sufficient points 
to develop a smooth curve, Figures 3, 4, and 5 are curves that were 
Prepared from results obtained in the leboratory. The circles indicate 
the concentrations that were used, Two curves, désignated as A and B, have 
ae Plotted on cach-of the figures, Curve a should be used with the 
Cttom scale of percent concentrations, and curve’B with the top scale, 


a ; in each case-is an enlargement of the lower concentration end of 


“+. DISCUSSION OF PROCEDURE 


reouires gration was noted in the number of drops formed and the time 
indicated ty the liquid.to pass through the instrumont, Zxperimentation 
temperatur at these differences probably were due to changes in room 

by that » ae The temperature of the. liquid tested was determined lergely 
“mperature "© =stalagmonctor; and this, in turn, was controlled by the room 
formed’for . Within the temperature range available, the number of drops 
increagag ‘ $1 ven concentration increased only slightly as the temperature 
Practica]. US. the time required decreased as the temperature rose, For 

20 PUrpo ses, the temperature of the unimown solution should be within 


- of , 
tions, oe temperature at which the curve was prepared, With few excep- 
9) 8 Condition would prevail underground, 
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TABLE i, - Stalagmometer test - wetting agent A’ 


18,5 
OL 19.5 
| 7 19.5 
.02 = (25) 2/ 84 
27.5 
27.5 
.03 33 
.04 35.5 
35.5 
5205 (37.5) 
38 
38: 
: ,06 39.5 
(39) 
39.5 
,07 41 
gor * 41 
08. 42 
oo 42 
.09 43 
43 
.10 44 
44 
wold 47 
cone % 47 = | | 
20 | 48.5 . «B35 
| | 48.5 
. 430 . 48.5 
. 48.5 
.40 + 48.5 
| 48.5 
.50 48.5 83.0 
| 48.5 


1/ If a drop of considerable proportions had formed on the tip but had 


not fallen when the liquid reached the lower ereduottons it was 
recorded as a half. drop, 
2/ Values in parentheses ( ) were not plottea, 


At times bubbles will collect i the angles of the stalagmometer, 
and it may be difficult to remove them, Repeated tests have been made 
with bubbles in the instrument and with no bubbles in it. The presence 
of bubbles seems to have no influence on the number of drops formed, provides 
the bubbles are not present above the lower graduation on the tube, in which 
case the volume of liquid to-be ed to be reduced, 
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A person interested in using this method for determining the concen- 
tration Of wetting agent in solution should prepare a set of solutions 
that vary in concentration from 0. to 0.1 percent by 0,0l-percent increments, 
using representative samples of watér and wetting agents that are used on 
the job. The characteristics of the wetting egent that is being tested 
will determine the woper limit of concentration that should be used in 
preparing the curve, There seems. to: be little purpose in using concentra- 
tions that result in repetition of' the: samé’ number of drops being formed, 
Increments of less than 0.01 percent may be necessary for some of the more 
active wetting agents, as shown in figure 4, but this can be determined 
only by observation, The method is so sensitive that differences between 
tap water in the laboratory and mine water that is being used for dust 
suppression might cause considerable error, The samples and the stalag- 
noneter should stand long enough to reach room (mine-air) temperature. 
The number of drops should be determined for each concentration and the 
results plotted, Such a chart should serve as long as the water remains 
uniform and the temperature does not vary more than 2° fF, 


DISCUSSION AND USE OF CURVE 


As will be noted, the curves rise from 184 drops (for this instrument) 
at zero concentration of wetting agent in a curve similar in shape to a 
parabola to a@ peint where the slope of the line becomes zero. It will be 
noted further that the concentration recommended by the manufacturer for 
dust-control work (figs, 3 and 5) lies below the flat part of the curve, 


In determining the concentration of an unknown solution, a portion 
of the solution should be drawn into a clean stalagnometer and expelled 
to waste so that the surfaces of the tube will be wetted with the solution. 
4 second portion should be taken and a small portion expelled through the 
top, The solution should be allowed to drop ta the top mark and the drop 
Wiped off the tip, The solution should then be allowed to fall freely to 
the lower marke and the drops counted, By reference to the curve, the 
concentration should be determined directly. If, however, the number of 
drops indicate a concentration that falls on the flat, top part of the 
curve, the solution should be diluted with an exact amount of the same 
bea that was used originally, and the procedure repeated. This should 
oo until a concentration that falls on the steep part of the 
aa : found, and this concentration should be multiplied by the dilution 
rear © determine the concentration of the original sample, Such 
a Caos should not be necessary in mine work because the concentration 
falle o n8 agent recommended for use in dust-control work in mines usually 

n the Steep part of the curve. 


eee 18 sugeested that the optimum concentration of any wetting agent 
6 determined fron such a curve, It seems likely that little increase 


in b 3 
FO loa ©ffect would be derived from a concentration of wetting agent 
the han that which causes the maximun number of drops to fall from 
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CONCLUSIONS 
eee ealnenomet et appears to be a. toad. that « can be used for 
accurately determining the :concentration of wetting agent in solution, 
Detérminations ¢an bé made auickly, on-the job, by a. person who is not 
espécially trained in haboratory technique,: The instrument should find 
' wide application in industry to-help interpret. results and control 
-coneéntration a a, wEEIEDE agent: is. meet in a water solution, 
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